INDEX
l.- AUTHOR'S EXPERIENCES - ENG. ALBERTO MTZ LLAURADO.

Il.- ACKNOWLEDGMENT

lll.- PROLOGUE

PART - 2:

SECTION 11.- BUYING & SELLING CENTRIFUGAL COMPRESSORS.

XXVIIl.- BUYING / SELLING - SERIAL # 1 (TURBOMACHINERY)

1.- INTRODUCTION

2.- EVOLVING END USER REQUIREMENTS

3.- OEM PRODUCT DEVELOPMENT

4.- END USER - WHAT IS NEEDED TO VALIDATE THE DECISION FOR BUYING SERIAL #1
5.- SOME OF THE TYPICAL ISSUES THAT MAY BE FOUND IN SERIAL NUMBER ONE
COMPRESSORS

6.- MECHANICAL FACTORS

7.- AERODYNAMIC CONSIDERATIONS

8.- MECHANICAL CONSIDERATIONS

9.- CONCLUSIONS

10.- FIGURES

SECTION 12.- ADVANCES IN TECHNOLOGY FOR CENTRIFUGAL
COMPRESSORS.

XXIX.- ADVANCES IN CENTRIFUGAL COMPRESSOR TECHNOLOGY.

SECTION 13.- IMPROVEMENTS IN SPECIFICATIONS & PURCHASING ABOUT
RELIABILITY ISSUES FOR CENTRIFUGAL COMPRESSORS.

XXX.- RELIABILITY ASSESSMENT OF ROTATING EQUIPMENT.

1.- OPTIMIZING RELIABILITY

2.- INPUT DATA

3.- THE CONCEPT OF A SYSTEM
4.- EXPERIENCE COUNTS!

XXXI.- MOVING FROM A REPAIR-FOCUSED TO A RELIABILITY-FOCUSED
CULTURE

XXXIl.- CAN SPECIFICATIONS IMPROVE COMPRESSOR RELIABILITY?

XXXIIl.- EQUIPMENT PURCHASING RELATED WITH CENTRIFUGAL
COMPRESSORS.

1 CONSIDER SINGLE-POINT RESPONSIBILITY FOR MAJOR FLUID MACHINES
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2 FOCUSING ON THE BRIGHT SIDE
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INDUSTRY
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15 30-YEAR LIFE CYCLE SUPPORT

SONOGAWN S

SECTION 14.- REAL CASES & RELEVANT PROJECT STUDIES APPLICABLE TO
CENTRIFUGAL COMPRESSORS IN OIL, GAS & PETROCHEMICAL INDUSTRY.

XXXV.- PRACTICAL CASES ABOUT CENTRIFUGAL COMPRESSORS BEING
APPLIED ON INDUSTRIAL PROJECTS (OIL & GAS, PETROCHEMICALS).

- SECONDARY PARTS INVOLVED IN THE RELIABILITY OF CENTRIFUGAL COMPRESSORS

1.- PARTICULAR CASE ABOUT A CENTRIFUGAL GAS COMPRESSOR DRIVEN BY
ELECTRIC MOTOR AND A VARIABLE HYDRAULIC SPEED DRIVER, REQUIRED IN A
"DELAYED COKER" PLANT IN OIL REFINERY.

2.- PARTICULAR CASE APPLIED FOR 3 COMPRESSION TRAINS IN A NATURAL GAS
COMPRESSION STATION, WITH 3 CENTRIFUGAL COMPRESSORS DRIVEN BY DIRECT
COUPLING WITH 3 GAS TURBINES WITH ALL THE AUXILIARIES’ SYSTEMS (BALANCE
OF PLANT).

3.- APPLICATION OF CENTRIFUGAL COMPRESSORS IN THE PROCESSES RELATED TO
CRYOGENIC PLANTS IN THE INDUSTRY.

4.- CASE IN PROJECT FOR THE IMPROVEMENT IN CLEAN GASOLINE "GUBA"
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5.- CASE IN PROJECT FOR THE IMPROVEMENT IN CLEAN DIESEL "DUBA" (ULTRA
LOW SULFUR CONTENT, 10 PPMW), IN OIL REFINERIES.

XXXVI.- SPECIFYING LARGE HP MOTORS FOR CENTRIFUGAL
COMPRESSORS
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4.- HISTORY OF RELIABILITY AND MAINTAINABILITY
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7.1.- Re-Locating Existing Components
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8.1.- Flow Coefficient
8.2.- Efficiency
8.3.- Flow Range
8.4.- Rise-To-Surge
8.5.- Machine Mach Number, U2/Ao
8.6.- Inlet Relative Mach Number
8.7.- Impeller Relative Velocity Ratio or the like
9.- IMPELLERS
9.1.- Riveted to Welded or Brazed
9.2.- Three-Piece Welded to 5-Axis Machined
9.3. - Improved Blading
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XXXIX. A.- COMPRESSOR TRAIN REPLACEMENT: A SUMMARY OF
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1.- COMPRESSOR CONFIGURATION
2.- ANTI-SURGE SYSTEM
3.- STEAM TURBINE DRIVER
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XL.- LATERAL DYNAMICS
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2.- COMPONENT MODELING CONSIDERATIONS
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2 OTHER LATERAL ANALYSIS CONSIDERATIONS
3 ROTORDYNAMICS DESIGN VERIFICATION TESTING

XLI. B.- TORSIONAL DYNAMICS

1. OVERVIEW OF PERFORMANCE REQUIREMENTS
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2. TYPICAL TORSIONAL ANALYSES
3. OTHER TORSIONAL ANALYSIS CONSIDERATIONS

XLI. C.- CRITICAL SPEEDS AND ROTOR RESPONSE

1.- INTRODUCTION

2.- CRITICAL SPEEDS

3.- CRITICAL SPEED HORIZONTAL (X) VERTICAL (Y)
4.- THE ROTOR SYSTEM (INPUT)

5.- ROTOR RESPONSE (OUTPUT)

XLII. A.- NOVEL MITIGATION TECHNIQUES FOR SOLVING ROTOR STABILITY
PROBLEMS

1.- COMBINING AN ARC SPRING WITH A SQUEEZE FILM DAMPER BEARING TO MITIGATE A
ROTOR STABILITY PROBLEM

2. TORSIONAL VIBRATION PROBLEM SOLVED USING A NEW DESIGN VISCOUS
ROTATIONAL DAMPER

3.- CONCLUSION

XLII. B.-ROTOR DYNAMICS AND DESIGN CRITERIA APPLIED TO CENTRIFUGAL
COMPRESSORS IN INDUSTRIAL OIL PLANTS.

1.- INTRODUCTION
2.- SYNCHRONOUS VIBRATION
3.- ASYNCHRONOUS VIBRATION

SECTION 17.- STABILITY PROBLEMS IN CENTRIFUGAL COMPRESSORS.

XLIII.- SOLVING STABILITY PROBLEMS

1.- DECREASING OR ELIMINATING EXCITATION FORCES
2.- INCREASING EFFECTIVE DAMPING
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3.9.- Level Il Analysis
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XLIV.- API DOCUMENT PARAGRAPHS ON TORSIONAL VIBRATION
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2.- PARAGRAPHS FROM API 617 -7TH EDITION gp2 6 7
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SECTION 18.- DESIGN AUDIT CHECKLIST.

XLV.- TYPICAL DESIGN AUDIT CHECKLIST

SECTION 19.- ACTIVE MAGNETIC BEARINGS IN CENTRIFUGAL COMPRESSORS

XLVI.- TECHNOLOGY APPLIED TO CENTRIFUGAL COMPRESSORS TO
IMPROVE THEIR RELIABILITY AND MAINTAINABILITY

NEW ACTIVE MAGNETIC BEARING REQUIREMENTS FOR COMPRESSORS IN API 617
EIGHTH EDITION

1.-INTRODUCTION
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3.- FORCE GENERATION IN A MAGNETIC BEARING
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4.1.- Saturation and Maximum Load Capacity
4.2.- Thermal Limits
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4.4.- Eddy current losses
4.5.- Other Limitations
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7.- ROTORDYNAMIC ANALYSIS FOR AMB SUPPORTED ROTORS PER API 617 EIGHTH
EDITION
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7.2.- New System/Modeling Data Vendor Requirements
7.3.- AMB Rotodynamic Analysis Details
7.4.- Outline of the Analysis
7.5.- Undamped Critical Speed Map
7.6.- Free-Free Map
7.7.- Unbalance Response
7.8.- Unbalance Rotor Response Verification Test (If Specified Item)
7.9.- Closed Loop Transfer Functions (If Specified Item)
7.10.- Open Loop Transfer Functions (If Specified Item)
7.11.- Level | Stability Analysis, Including Sensitivity Function Analysis
7.12.- Level Il Stability Analysis, Including Sensitivity Function Analysis
8.- TORSIONAL ANALYSIS
9.- AXIAL ANALYSIS
10.- AS INSTALLED ANALYSIS
11.- AUXILIARY BEARING ANALYSIS
12.- ROTORDYNAMICS ANALYSIS CODE REQUIREMENTS
13.- ROTORDYNAMIC ANALYSIS SUMMARY
14.- ACTIVE MAGNETIC BEARING TESTING
14.1.- Overview
14.2.- AMB Component Testing
14.3.- AMB system testing
14.4.- Mechanical Running Test
14.5.- Vibration Response limits
14.6.- Sensitivity function measurement



14.7.- Model validation - Unbalance Response (If Specified Item)
14.8.- Model validation - Closed Loop Transfer Functions (If Specified Item)
14.9.- Rotor drop onto auxiliary bearings test (If Specified Item)
15.- EXAMPLE CASES
15.1.- Small AMB Turbocompressor Example
15.2.- Rotor Model
15.3.- Complete Coupled Model
16.- INDUSTRIAL COMPRESSOR EXAMPLE
16.1.- Overview
16.2.- Rotodynamic model
16.3.- Free-Free Map and Mode Shapes
16.4.- Undamped Critical Speed Map
16.5.- Unbalance Response displacements and forces
16.5.1.- Closed Loop Transfer Functions
16.6.- Stability Analysis
16.7.- Sensitivity Transfer Function
16.8.- Axial stability and sensitivity function analysis
16.9.- As Installed Analysis
16.10.- Testing
16.11.- Vibration
16.12.- Sensitivity Transfer Function
16.13.- Auxiliary Bearing Testing
16.14.- Summary
17.- CLOSING COMMENTS
18.- NOMENCLATURE

XLVII.- MAGNETIC BEARINGS - THEORY & DESIGN

1.- OPERATING PRINCIPLES
2.- OPERATING EXPERIENCE AND BENEFITS
3.- PROBLEMS AND SOLUTIONS

4.- DEVELOPMENT EFFORTS
4.1.- Thrust-Reducing Seals
5.- INTEGRATED DESIGNS

XLVIIl.- THE REALITIES OF MAGNETIC BEARING APPLICATIONS

1.- WEAKNESS #1: EXCESSIVE HEAT
2.- WEAKNESS #2. LIMITED FAULT PROTECTION

3.- WEAKNESS #3. INADEQUATE COMPENSATION FORCE
4.- ADDITIONAL PROBLEMS AND TRADEOFFS

4.1.- Energy Consumption

4.2.- Diagnostic Capabilities

4.3.- Experience

XLIX.- MAGNETIC BEARINGS (DESIGN AS PER MANUFACTURERS)

1.- MAGNETIC BEARING APPLICATIONS

2.- ROTOR DELEVITATION SYSTEM (RDS) DESIGNS

3.- NO MACHINE TEARDOWN NECESSARY

4.- THE PRINCIPLE OF OPERATION OF THE MAGNETIC BEARING
5.- RADIAL BEARING CONFIGURATION

6.- AXIAL BEARING CONFIGURATION



7.- POSITION TRANSDUCERS
8.- THE ELECTRONIC CONTROL SYSTEM
9.- AUXILIARY BEARINGS
10.- THE BENEFITS OF MAGNETIC BEARINGS:
10.1.- no mechanical contact
10.2.- No Oil Contamination of Process Fluid
10.3.- No Liquids
10.4.- No Lubrication System
10.5.- Capability to Operate in a Process Fluid
10.6.- Wide Temperature Range Capability
10.7.- High Speed Capability
10.8.- Low Energy Consumption
10.9.- Controllable Rotor Dynamics
10.10.- Vibration Attenuation
10.11.- Improved Machine Diagnostics
10.12.- Increased Reliability/Availability
10.13.- Benefits of Working with a Magnetic Bearing Manufacturer
11.- ADVANCED CONTROLLER FUNCTIONS
11.1.- Advanced Controller Functions
12.- AUXILIARY BEARING TECHNOLOGY

12.1.- Rotor DE levitation System® (RDS®)
12.2.- Advanced Capabilities

SECTION 20.- FLUID INSTABILITY, EXTERNAL PRESSURIZED AND AIR / GAS
BEARINGS APPLIED TO CENTRIFUGAL COMPRESSORS.

L.- FLUID-INDUCED INSTABILITY AND EXTERNALLY PRESSURIZED BEARINGS

1.- INSTABILITY CONSIDERATIONS
2.- FLUID-INDUCED INSTABILITY
2.1.- Controlling Lambda
2.2.- Controlling Stiffness
2.3 .- Eccentricity and Stiffness

2.4 .- Externally Pressurized Bearings and Seals
2.5.- Practical Applications
2.6.- Rotor Model, Dynamic Stiffness, and Fluid Instability
2.7.- More About Externally Pressurized Bearings
3.- CONCLUSIONS

Ll.- GAS BEARING LUBRICATION IN TURBOMACHINERY

1.- DRY GAS SEALS (DGS)

2.- FOIL BEARINGS

3.- AEROSTATIC LUBRICATION

4.- WHAT IS COMPENSATION?

5.- ORIFICE COMPENSATION

6.- POROUS COMPENSATION

7.- ROTOR DYNAMIC CONSIDERATIONS
8.- THE FUTURE

LIA. - CAPABILITIES AND LIMITATIONS OF GAS LUBRICATION
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1.- WHEN IS THE USE OF AIR BEARINGS PERTINENT
2.- WHAT HINDERS THE EXTENSIVE APPLICATION OF AIR BEARINGS
3.- CLASSIFICATION OF AIR BEARINGS FOR ANALYSIS PURPOSES

4.- DYNAMIC WHIRLING BEHAVIOUR AND THE ROTORDYNAMIC STABILITY PROBLEM
4.1 Introduction
5.- TILTING PAD AIR BEARINGS
5.1 Introduction
6.- FOIL BEARINGS
6.1 Introduction
7.- POROUS BEARINGS
7.1 Introduction

Lil.- AIR BEARINGS - THEORY, DESIGN AND APPLICATIONS

1.- CAPABILITIES AND LIMITATIONS OF GAS LUBRICATION
2.- WHEN IS THE USE OF AIR BEARINGS PERTINENT
2.1.- What Hinders the Extensive Application of Air Bearings
3.- CLASSIFICATION OF AIR BEARINGS FOR ANALYSIS PURPOSES

4.- DYNAMIC WHIRLING BEHAVIOUR AND THE ROTORDYNAMIC STABILITY PROBLEM
4.1.- Introduction
5.- TILTING PAD AIR BEARINGS
5.1.- Introduction
6.- FOIL BEARINGS
6.1.- Introduction
7.- POROUS BEARINGS
7.1.- Introduction

SECTION 21.- FEATURES ABOUT TORQUEMETERS IN COMPRESSORS.
Llll.- NEW OPTIONAL FEATURES OF TORQUE METERS

1.- HOT ALIGNMENT
2.- TRANSIENT/DYNAMIC TORQUE MEASUREMENT
3.- POTENTIAL USES FOR DYNAMIC TORQUE MONITORING
4.- TORQUETRONICS DYNAMIC TORQUE-METERING SYSTEM
5.- INDIKON/RIVERHAWK DYNAMIC TORQUE-METER SYSTEM
6.- TMS 2200 TORQUE METERING SYSTEM
6.1.- TORQUE METERING SYSTEM OPERATION
6.2.- SYSTEM ARRANGEMENT
6.3.- THEORY OF OPERATION
a.- system organization
b.- principles of torque measurement

SECTION 22.- RELIABILITY IN STANDARD & HYDRODYNAMIC COUPLINGS
FOR CENTRIFUGAL COMPRESSORS.

LIV.- SPECIAL-PURPOSE COUPLINGS
1.-INTRODUCTION

2.- DIAPHRAGM COUPLINGS
3.- DISK COUPLINGS

LV.- BACKUP OPTIONS IN CASE YOUR COUPLING FAILS
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LVI.- NEW DEVICE IMPROVES AXIAL CAPABILITY OF DISC COUPLINGS
LVIl.- REPLACING GEAR COUPLINGS WITH DRY COUPLINGS?
LVIl. A.- THE USE OF HYDRODYNAMIC COUPLINGS.

SECTION 23.- GAS CENTRIFUGAL COMPRESSOR DESIGN & SELECTION,
LATEST AND FUTURE TRENDS, APPLICABLE TO SEVERE / CRITICAL GAS
SERVICES.

LVII. B.- INTEGRALLY GEARED BARREL COMPRESSORS ADDRESS THE
CHALLENGES OF HYDROGEN COMPRESSION

LVIIl.- CENTRIFUGAL HYPER-COMPRESSORS FOR ETHYLENE SERVICE

1.- LAYOUT AND PRINCIPAL DIMENSIONS OF COMPRESSORS

2.- DISCUSSION OF THE COMPRESSOR DESIGN WITH RESPECT TO KNOW-HOW
3.- SUMMARY OF THE PRESENT DEVELOPMENT’S RESULTS

4.- CONCLUSIONS.

LVIII. A.- APPLICATION GUIDELINE FOR ELECTRIC MOTOR DRIVE
EQUIPMENT FOR NATURAL GAS COMPRESSORS

1.- ROTORDYNAMIC CONSIDERATIONS
.- Types of Torsional Analyses

- Required Input Data for Torsional Rotodynamic Analyses
- Torsional Mass Elastic Model
- Torsional Critical Speed and Forced Response Analyses
- Transient Torsional Analysis (Start-up and Short Circuit Events)
- Torsional Damping Levels
- Torsional Analysis Allowable Stress and Torque Criteria
- Transient Torsional Cumulative Fatigue Analysis
.- Synchronous Motor Slip Frequency Excitation
1. 10 Torsional Excitations Due to Variable Frequency Drives
1.11.- Motor, Centrifugal Compressor, and Gearbox Lateral Critical Speeds
2.- STARTING OF THE ELECTRIC MOTOR
2.1- Method 1: Across-the-Line Start
2.2- Method 2: Soft-Start with Full Size VFD
2.3- Method 3: Small VFD for Soft-Start
2.4- Method 4: Smaller Starter Motor at Reduced Load
2.5- Method 5: Smaller Starter Motor with Torque Converter
2.6- Method 6: Low Voltage Options for Reduced Load
2.7- Evaluation Process for Start-up Method
3.- CENTRIFUGAL COMPRESSOR APPLICATIONS
4.- OUTPUT POWER AS A FUNCTION OF DRIVER OUTPUT SPEED
5.- ELECTRIC MOTOR WITH VARIABLE FREQUENCY DRIVE FOR CENTRIFUGAL
COMPRESSORS
5.1.- Typical Power/Speed Characteristics on VFD's
6.- ELECTRIC MOTOR WITH VSHD FOR CENTRIFUGAL COMPRESSORS
7.- CONSTANT SPEED ELECTRIC MOTOR DRIVES FOR CENTRIFUGAL COMPRESSORS
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LVIIl. B.- FUTURE TRENDS IN LNG COMPRESSORS (TURBOMACHINERY)

1.- INTRODUCTION

2.- COMPRESSORS FOR LNG SERVICE

3.- COMPRESSOR CONFIGURATIONS AND COMPRESSOR TECHNOLOGY MILESTONES
4.- AXIAL COMPRESSOR FOR MIXED REFRIGERANTS

5.- AERODYNAMIC & MECHANICAL TRENDS

6.- IMPELLER HEAD PER STAGE

7.- SIDESTREAM LAYOUT

8.- COMPRESSOR DESIGN TRADEOFFS AND COMPROMISES

9.- ABRADABLE SEALS

10.- FLNG COMPRESSORS

11.- INTEGRALLY GEAR COMPRESSOR AND ISOTHERMAL COMPRESSION
12.- HIGH PRESSURE RATIO COMPRESSOR DEVELOPMENT

13.- LIQUID TOLERANT COMPRESSOR DEVELOPMENTS

14.- CO2 COMPRESSION

15.- COMPRESSOR DRIVERS FOR LNG LIQUEFACTION - TRENDS

16.- GAS TURBINE DRIVERS

17.- MODULARIZATION OF TURBOMACHINERY

18.- SUMMARY

LIX.- LATEST ADVANCES IN LNG COMPRESSORS

1.-INTRODUCTION
2.- PREVIOUS AND CURRENT TRAIN CONFIGURATIONS
3.- FLNG COMPRESSORS
4.- HIGH-PRESSURE-RATIO COMPRESSOR DEVELOPMENT
5.-INTEGRALLY GEARED COMPRESSORS AND ISOTHERMAL COMPRESSION
6.- LIQUID-TOLERANT COMPRESSOR DEVELOPMENTS
7.- AERODYNAMICS IMPELLERS
8.- SEALS
9.- VANED
10.- SIDE STREAMS
MECHANICAL DESIGN
11.- CASING
12.- IMPELLER
ROTORDYNAMIC
13.- LATERAL
14.- TORSIONAL
15.- OPERATING EXPERIENCE FOR RE-BUNDLE
16.- AUXILIARY SERVICES
17.- BOG COMPRESSOR
18.- CO2 COMPRESSOR
19.- OTHER COMPRESSORS

LIX. A.- READYING PIPELINE COMPRESSOR STATIONS FOR 100%
HYDROGEN

1.- HYDROGEN COMPRESSION
2.- MATERIAL CONSIDERATIONS
3.- TURBINE ADAPTATION

4.- THE ROAD AHEAD
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LIX. B.- CENTRIFUGAL COMPRESSORS AS A VIABLE METHOD FOR FUEL GAS
BOOSTING

1.-INTRODUCTION

2.- CENTRIFUGAL VERSUS RECIPROCATING COMPRESSORS
3.- STATE-OF-THE-ART CENTRIFUGAL COMPRESSORS

4.- NOMENCLATURE

SECTION 24.- PROBLEMS CAUSING LOW RELIABILITY IN CENTRIFUGAL
COMPRESSORS.

LX.- COMPRESSOR PROBLEMS CAUSING LOW RELIABILITY

1.- INCRUSTATION
2.- COKE DEPOSITION
3.- SALT DEPOSITION
4.- MACHINERY COMPONENT FAILURES
4.1.- Shafts
4.2.- Stresses Acting on a Shaft
4.3.- Fatigue Failures
4.4.- Shaft Wear
4.5.- Shaft Distortion
4.6.- Hydrodynamic Bearings
4.7.- Operation of a Hydrodynamic Bearing
1. Hydrodynamic lubrication or full film lubrication.
2. Elastohydrodynamic lubrication or thin film lubrication.
3. Boundary lubrication.
4.8.- Hydrodynamic Bearing Construction
4.9.- Hydrodynamic Bearing Failure Analysis
4.10.- Fatigue Failures
4.11.- Bearing Metal Wear
4.12.- Corrosion
4.13.- Effect of Hard Particles on Bearings
4.14.- Effect of Lubrication
4.15.- Effect of Temperature
4.16.- Effect of Overloads
4.17.- Assembly Deficiencies
4.18.- Electrical Discharge Damage
4.19.- Fabrication-related Failures
5.- DESIGN-RELATED FAILURES
6.- COMPRESSOR TYPES AND APPLICATIONS

LXl.- THE EFFECTS ABOUT THE FOULING IN CENTRIFUGAL
COMPRESSORS

1.-INTRODUCTION

2.- THE MECHANISM OF FOULING

3.- THE EFFECT OF FOULING ON THE OPERATING POINT

4.- THE CAUSES OF FOULING

5.- DETECTING FOULING BY CONDITION MONITORING

6.- CONDITION MONITORING GUIDELINES TO DETERMINE FOULING
7.- PREVENTING AND CORRECTING FOULING
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7.1.- Preventing and correcting fouling
7.2.- Preventing fouling

LXI. A.- FOULING CONSIDERATIONS AND COATINGS*

1.- POLYMERIZATION AND FOULING

2.- FOULING AND ITS EFFECT ON COMPRESSOR OPERATION
3.- COATING CASE STUDY

4 .- SERMALON COATING

5.- RESULTS

LXI. B.- DEVELOPMENT OF NEW ON-LINE WASH OIL INJECTION SYSTEM
FOR CENTRIFUGAL COMPRESSOR

1.-INTRODUCTION
2.- DEVELOPMENT APPROACH
2.1.- STEP-1. INVESTIGATION OF CONVENTIONAL MODEL
2.2.- STEP-2. DEVELOPMENT OF NEW CONCEPT OF ON-LINE WASH
2.3.- STEP-3&4 VERIFICATION TEST OF DEVELOPED NEW CONCEPT
3.- RISK ASSESMENT OF DEVELOPED WASH OIL INJECTION SYSTEM
4.- EFFECTIVENESS EVALUATION ON ACTUAL MACHINE
5.- CONCLUSIONS

SECTION 25.- MATERIAL SELECTION IN SEVERE SERVICES FOR OIL, GAS &
PETROCHEMICAL INDUSTRIES, FOR CENTRIFUGAL COMPRESSORS

LXI. C.- MATERIALS SELECTION AND DEVELOPMENT FOR CENTRIFUGAL
COMPRESSORS OPERATING IN EXTREME SOUR & ACID GAS SERVICE

1.- INTRODUCTION
2.- DESIGN SPACE
2.1, - Condensed Water or Moisture
2.2.- The partial pressures of acid gas and the related corrosion mechanism
2.3.- Contaminants in the water (i.e. Chlorides)
2.4.- Stress distribution
3.- MATERIAL SELECTION BY STANDARDS
4.- FIELD EXPERIENCE
5.-RISK MANAGEMENT BY FIT-FOR-PURPOSE MATERIAL SELECTION
5.1.- Testing Experience
6.- RECENT DEVELOPMENT IN MATERIAL FOR CC
6.1.- Wrought and Casted Nickel-Based Alloys
6.2.- Commercial Alloys
6.3.- Bridge Alloys
6.4.- Advanced Manufacturing Processes
6.5.- Powder Metallurgy HIP (Hot Isostatic Pressing)
6.6.- Additive Manufacturing
7.- CONCLUSIONS
8.- NOMENCLATURE

LXI. D.-HOW TO SELECT MATERIALS FOR CENTRIFUGAL
COMPRESSORS

1.- PROPERTIES WHICH REQUIRE CONSIDERATION

2.- ASPECTS TO BE CONSIDERED
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3.-IMPELLER FABRICATION
4.- IMPELLER MATERIALS
5.- SULFIDE CRACKING
5.1.- Background.
5.2.- Essential features.
5.3.- Inhibition.
5.4.- Metallurgical condition.
5.5.- Effect of pH.
5.6.- Effect of temperature.
5.7.- Service experience.
5.8.- Prevention.
6.- HYDROGEN ENVIRONMENT EMBRITTLEMENT
6.1.- Types of hydrogen environment embrittilement.
6.2.- Features of hydrogen environment embrittlement.
6.3.- Categories of hydrogen environment embrittlement.
6.4.- Effect of variables.
6.5.- Prevention.
7.- LOW TEMPERATURE OPERATION BRITTLE FAILURE
7.1.- Background.
7.2.- Criteria for resistance to brittle fracture.
7.3.- Materials and fabricating procedures.
7.4.- Materials for rotating parts.
8.- STABILITY
9.- ROTATING PARTS.
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